Abstract-Transmission loss, voltage regulation and voltage drop are three main issues in distribution system. In recent years, distributed generations (DG) installation approaches have been addressed widely in many parts of the world. Depending on their operating characteristics and location, DG can significantly affect the power losses and voltage profile in distribution system. Thus, prior to the installation of DG into a system, offline study is a priori so that under-compensation and over-compensation can be avoided. This paper presents a method for DG placement based on a voltage stability index, while its sizing is optimally identified using an optimization technique in order to minimize power losses in the distribution system. The proposed technique was tested on an IEEE 10 radial distribution system. As for the DG sizing, an optimization technique based on approximate method (AM) is used and indicated promising results.
categorized based on the rating of DG. Therefore, the types of DG are sorted as follow; micro DG (~1W<5kW), small DG (5kW<5MW), Medium DG (5MW<50MW) and Large DG (50MW<~300MW) [3] .
The optimal selection of DG location and sizing has a great effect on a system performance in terms of power losses, voltage profile and system reliability. The installation of a DG unit at a non-optimal place and sizing will result in increased system losses and increased costs of operation. The selection of the best places for installation and the preferable size of DG units in large distribution system is a complicated optimization problem [4] - [5] . Accordingly, an accurate and fast technique is needed to determine the best location and optimal sizing of DG for a given system can be a very useful solution.
Artificial intelligence have shown great promise as new techniques for solving critical problems in different engineering fields where the heuristic methods have not achieved the desired speed and accuracy [6] [7] [8] [9] . Several researches focused on the topic of DG to find an optimal solution of DG sizing and location in the distribution network and some of these studies proposed the use of artificial intelligence as an approach to find the optimal sizing and location. In reference [10] , the optimal sizing of DG is determined by using Kalman filter algorithm in order to maintain the stability and reliability of an existing power system effectively. Other methods proposed continuation power flow and analytical approaches to find the most sensitive buses to voltage collapse and DG then suggested to be installed in these buses [11] - [12] . Consequently, the DG units with certain capacity will be installed in these buses via an objective function and an iterative algorithm. Sizing, sitting and scheduling distributed generators using an evolutionary programming algorithm was suggested in [13] . On the other hand in ref [14] , Hereford Ranch Algorithm was applied to search optimal site and size of DG in distribution feeders.
In this work, an approximate method based on voltage stability index is used to find the optimal location and sizing in order to minimize the power loss in the distribution systems. The cost of DG and the other associated benefits have not been considered while solving the location and sizing problem. This paper presents an index-based approach for DG placement, while the sizing is determined according to a search technique. Results obtained from the study indicated that the proposed technique is feasible to be implemented practically.
Index-Based Placement and Distributed Generation Sizing Based on Heuristic Search

II. VOLTAGE STABILITY STUDY
Voltage stability refers to the ability of a power system to maintain acceptable voltage levels at normal operation and after disturbances [15] . Voltage instability has been recognized as one of the major threats to system operation. Power systems have become larger, more complex and heavily loaded. Political, economical, environmental, technical factors, demand increase, massive interconnections have led power systems to operate with their equipment very close to their limits [16] .
As electric utilities attempt to maximize the usage of their transmission system capacities to transport real power, voltage collapse acts as a limiting factor [17] . IEEE definitions for voltage collapse, instability and security can be found in [18] where it is concluded that voltage collapse may be caused by a variety of single or multiple contingencies known as voltage contingencies [19] in which voltage stability of the power system is threatened.
A lot of work is being carried out to give better understanding on voltage stability, to detect it faster and to evolve a strategy to mitigate it once its likelihood is observed. To achieve this objective, it is essential to estimate the maximum permissible loading of the system using information about the current operation point. It means that the maximum loading of a system is not a fixed quantity but depends on various factors, such as network topology, availability of reactive power reserved and their locations etc. Determining the maximum permissible loading, within the voltage stability limit, has become a very important issue in power system operation and planning studies [20] .
Many researchers in power system voltage stability devote their works to identify the weakest bus of the system. The weakest bus is considered as the bus that is likely to be the first bus of the system facing voltage collapse. According to the above observation, attention is drawn in this paper to use a Fast Voltage Stability Index (FVSI) that has been proposed by [21] .
III. INDEX-BASED DG PLACEMENT
There are several methods to estimate or predict the voltage stability condition of a power system. In this work, FVSI is used to predict the DG location on the IEEE 10 radial distribution system. FVSI is used to measure the voltage stability condition of the power system referred to a line in order to speed up the computation. The calculation of this index is started by the current equation to form the power or voltage quadratic equations. The criterion employed is to set the discriminant of the voltage roots or power quadratic equation to be greater than zero. When the discriminant is less than zero, it causes the roots of the quadratic equations to be imaginary which in turn causing the voltage instability that may lead to voltage collapse in the system. The line index that is evaluated close to 1.00 will indicate the limit of voltage instability [21] . The idea of this index can be simplified by modeling a 2-bus power system. The FVSI for line is defined by, 
IV. DG SIZING BASED ON AN APPROXIMATE METHOD
To evaluate the performance of the proposed method in terms of speed and accuracy, the approximated method (AM) which is based on heuristic search was used to find the suitable location and size of DG. Heuristic search is a general method of problem solving, fixing things, or for obtaining knowledge. Learning doesn't happen from failure itself but rather from analyzing the failure, making a change, and then trying again. This method has been implemented based on the principle of power flow [24] .
The goal of optimization method, EP is then to assign values, from the allowed domain, to the unknowns such that the objective function is optimized and all constraints are satisfied. In this work, EP is used to minimize the system loss in order to obtain an optimal sizing of DG to be installed in the system for improving voltage profile at the acceptable level. For efficient power system operation, the active power system loss should be reduced. This real power loss can be calculated by [25] - [26] ; Since the objective of placement technique is to minimize the total active power loss, loss optimization has been formulated based on classical line flow constraints. For a given power system network, the objective function that should be minimized can be written as,
Where, F is the optimal total loss of the system, ) ( DGi P f is the total loss due to the connected Where, Gi P is the active power generation at bus i , D P is total power demand and L P is total system loss.
The inequality constraint on voltage of each PQ bus,
Where, In order to determine the optimal location of the DG, FVSI given by (1) was evaluated for every loaded bus in the system and the results are tabulated in Table 1 . The bus with the highest FVSI value is selected for allocating the DG.
From the Table 1 , it could be observed that bus 2 has the highest FVSI value and therefore it is chosen as the optimal location for DG. However, for comparison, bus 3, 4 and 5 were also selected for DG allocation. As shown in Fig. 1 , the voltage stability condition can be predicted by looking at the graph of reactive power at the load bus versus FVSI. From the graph, it is shown that as the reactive power loading at a particular load bus is increased; the FVSI value of the corresponding connecting line was also increased accordingly. At the same time, the increase in reactive power loading has caused the voltage profile to ( )
reduce until the reactive power loading reached the Q max limit. At this point, the FVSI value is normally closed to unity.
Fig. 1 Qd maximum versus FSVI curve
As for the sizing of DG in the selected buses, the AM was used to find the sizing of the DG. During AM process, the capacity of the injected DG unit at the selected load buses was varied in the range of 1MW-4MW in order to determine the sizing taking into account the minimum value of system loss and the acceptable value of the voltage buses (1+0.05 or 1 0.05) p.u... Table II tabulates the sizing of each DG for bus 2 with the power losses and voltage profile improvement. From this table, it is noted that the sizing for the best location at bus 2 is 1MW. On the other hand, it is observed that the voltage is maintained a little bit more than the acceptable value but this increase is adjustable. The results tabulated in Table III shown the comparison of the power losses reduction and voltage profile improvement as compared to other bus location. Fig. 2 shows that allocating the DG at bus 2 has resulted in better power losses reduction as compared to other bus location. At this bus, increasing the size of DG causes a significant increment in the power losses because of the power loading increased. This paper demonstrates the effect of sizing and location of DG using the approximate method which is based on power system loss. The IEEE 10 bus test system was considered for this study to get the sizing of DG at chosen buses and to identify the suitable location of DG. The obtained results show that the installation of DG in distribution system will affect the power losses and voltage profile of distribution network. The applied technique to find the sizing of DG cannot be considered for a large size distribution system. The heuristic search requires exhaustive search for all possible locations which may not be applicable to more than one DG. Therefore, new developed method will be proposed in the future to find the optimal sizing and location of DG. This method is based on Evolutionary Programming. The proposed methods will take into account the weakness of the traditional technique in determining the optimal sizing and location of DG. 
